ABSTRACT. The concentrations of sodium, potassium, reduced glutathione (GSH) and free amino acids and Na-K-ATPase activity in erythrocytes were examined in 35 purebred Jindo dogs in Korea. The incidence of Jindo dogs with a high potassium concentration and high activity of Na-K-ATPase in erythrocytes (HK phenotype) was 25.7%. The erythrocyte GSH concentration in HK Jindo dogs varied widely, from 2.45 to 12.38 mmol/l of RBCs, and was positively correlated with the erythrocyte glutamate concentration. These results indicate that HK Jindo dogs have normal to very high levels of erythrocyte GSH, which might result from the varying quantity of Nadependent glutamate influx in the erythrocytes.-KEY WORDS: canine erythrocyte, Jindo dog, reduced glutathione.
the highest incidence (42%) of the HK phenotype of all dog groups in Japan and East Asia surveyed by Fujise et al. [7] . However, there was no description of the two phenotypic variants of HK, i.e., HK/HG and HK/LG dogs in that report. The objective of the present study was to determine the incidences of the two variants of the HK phenotype in Jindo dogs, with reference to the potentiality of certain diseases induced by onions or other Allium plants in Korea. Thirty-five purebred Jindo dogs (14 males and 21 females, 4 months to 11 years old) were examined. Thirty Jindo dogs belonged to five different breeding colonies in Taegu city and the suburbs of Taegu. The remaining five Jindo dogs were owned privately in Taegu city. Venous blood was drawn and divided into tubes containing ethylenediaminetetraacetic acid disodium salt (EDTA; 2 mg/ ml of blood) or heparin (20 U/ml of blood) as an anticoagulant. Using blood treated with EDTA, the erythrocyte count and hemoglobin (Hb) concentration were determined using an automatic cell counter (HEMA VET; CDC Technologies, Oxford, CT, USA), and the hematocrit (Hct) value was determined by a microhematocrit method. Heparinized blood was used for determinations of all other parameters. The concentrations of cellular Na and K were calculated from the analytical results of hemolysates, which were measured using an electrolyte analyzer (AVL9180; AVL, Graz, Austria). The concentration of erythrocyte GSH was determined by measurement of the 5,5'-dithiobis-(2-nitrobenzoate) derivative [1] . The concentrations of free amino acids in erythrocytes were measured with an automatic amino acid analyzer as reported previously [13] . The osmotic fragility of erythrocytes was measured by the method of Parpart et al. [17] , and expressed as the percent of sodium chloride in the incubation medium inducing 50% hemolysis. The activity of total ATPase in hemoglobin-free erythrocyte membranes was assayed essentially by the method of Nakao et al. [15] . One hundred microliters of the membrane suspension containing about 0.12 mg of protein was incubated for 1 hr at 37°C in 1.0 ml of a reaction Normal canine and feline erythrocytes completely lack Na-K-ATPase activity, resulting in intracellular low potassium (K) and high sodium (Na) concentrations (LK) [3] . In contrast, there are certain Japanese mixed-breed dogs that have erythrocytes characterized by inherited high Na-K-ATPase activity, with high K and low Na concentrations (HK) [11, 13, 14, 16] . The HK phenotype is inherited in an autosomal recessive mode [13] . HK dogs are also found among Japanese purebred dogs such as Shiba [8, 12] and Akita dogs [4, 18] , but not in European breeds. Therefore, it has been thought that the gene for the HK phenotype might be inherent in dogs indigenous to Japan [12] . However, Fujise et al. [7] reported recently that the HK phenotype is distributed not only in Japan but also in Korea.
The HK phenotype was originally found as an inherent high concentration of reduced glutathione (GSH) in erythrocytes (HK/HG) [11] . The Na-dependent L-glutamate and L-aspartate transport in erythrocytes was greatly increased by the steep gradient of Na and K across the cell membrane induced by the Na-K-ATPase, resulting in a high concentration of these amino acids in the erythrocytes [10] . Consequently, the feedback inhibition of a rate-limiting enzyme, γ-glutamyl cysteine synthetase, in GSH synthesis by GSH was overcome by the high level of glutamate in HK/HG erythrocytes, resulting in an accumulation of GSH to approximately five times the normal concentration [13] . HK/HG dogs usually show no clinical manifestations, but they are greatly susceptible to onion-induced hemolytic anemia compared with normal LK dogs [20] . In addition, a variant dog possessing erythrocytes with a high K concentration, but a normal GSH concentration (HK/LG), was found by Fujise et al. [9] . The HK/LG erythrocytes failed to accumulate GSH because of a low influx of Lglutamate [6, 9] . The two variant characteristics of remaining Na-K-ATPase and low transport of glutamate appear to be defined by at least two genes [8] .
Jindo dogs, the most popular breed of dogs in Korea, had mixture consisting of 5 mM ATP, 5 mM MgCl 2 , 140 mM NaCl, 14 mM KCl, 0.5 mM EDTA, and 50 mM imidazole buffer (pH 7.2). The activity of Na-K-ATPase was measured by adding 0.5 mM ouabain to the reaction mixture. The released inorganic phosphorus (Pi) in the reaction mixture was measured by the method of Fiske and SubbaRow [5] . was significantly lower than those in LK Jindo dogs. There was no significant difference in osmotic fragility between the two groups. The concentrations of glutamate, aspartate and glutamine in erythrocytes in HK Jindo dogs were markedly increased and significantly higher than in LK Jindo dogs. In addition, the Na-K-ATPase activity in the erythrocyte membrane from the HK Jindo dog was markedly increased, although that from the LK phenotypic dog was negligible. The concentration of erythrocyte GSH was 7.0 ± 3.8 (mean ± standard deviation) mmol/l of RBCs in HK Jindo dogs, which was significantly higher than that (2.2 ± 0.5 mmol/l of RBCs) in LK Jindo dogs (Fig. 1) . The erythrocyte GSH concentration in HK Jindo dogs varied widely, from 2.45 to 12.38 mmol/l of RBCs, and a highly positive correlation between the erythrocyte GSH and glutamate concentrations was observed in HK Jindo dogs (Fig. 2) .
The present study confirmed that the Jindo breed has a high incidence of the HK phenotype, as reported by Fujise et al. [7] . The hematological variables, except osmotic fragility, in HK Jindo dogs resembled those previously reported for HK phenotypic dogs [9, 13, 14, 16] . Furthermore, some HK/HG dogs, with a markedly high level of erythrocyte GSH, and some HK/LG dogs, with a normal erythrocyte GSH concentration, were found among HK Jindo dogs in this survey. However, the erythrocyte GSH concentration in HK Jindo dogs varied widely, from normal to very high levels, making it impossible to divide HK Jindo dogs into two groups. In addition, there was a significant positive correlation between erythrocyte GSH and glutamate concentrations in HK Jindo dogs. Although the concentration of GSH in normal mammalian erythrocytes is maintained fairly constant by the inhibitory action of GSH itself on γ-glutamyl cysteine synthetase [19] , the enzyme is activated by an increased concentration of glutamate, releasing feedback inhibition of the enzyme by GSH [13] .
In HK Jindo dogs in the present study, the varying concentration of erythrocyte GSH may result from the varying concentration of erythrocyte glutamate resulting from the activation of γ-glutamyl cysteine synthetase. It was reported that in HK phenotypic Shiba dogs, glutamate influx varied widely, ranging from 3.4 to 22 µmol/hr/l of cells in HK/LG erythrocytes and from 40 to 225 µmol/hr/l of cells in HK/HG erythrocytes [8] . The varying concentration of erythrocyte glutamate in Jindo dogs might result from a varying quantity of glutamate transporter [6] , and consequently affect the concentration of erythrocyte GSH in HK phenotypic dogs. To verify this mechanism, however, further studies to determine the glutamate influx and the quantity of glutamate transporter would be required. The high susceptibility to onion-induced hemolytic anemia in HK/HG dogs is due to the high concentration of erythrocyte GSH, which accelerates the oxidative damage produced by sodium n-propylthiosulfate and its derivatives found in onions [21] [22] [23] . Korean people commonly consume onions, garlic and other Allium plants, and may feed them to their dogs. The HK Jindo dogs with erythrocytes containing a high GSH concentration might suffer from oxidative stress induced by Allium plants such as onions and garlic. In the present study, the significant decrease in erythrocyte count, Hb concentration and Hct value in HK Jindo dogs compared with those in LK Jindo dogs might be due to the exposure of their erythrocytes to the toxic constituents of Allium plants.
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